Monoclonal antibody to measles virus was used successfully to identify measles virus antigen directly in clinical specimens, as well as in cell cultures. Pooled nasopharyngeal-throat swab specimens had a higher yield than throat swabs or urine samples for virus detection. Use of A549 cell cultures in the spin amplification vial assay proved to be highly efficient, allowing virus recognition within 1 to 2 days of inoculation. A combination of appropriately collected specimens, which includes a nasopharyngeal-throat swab, direct antigen detection with monoclonal antibody to measles in an indirect immunofluorescence system, and the spin amplification vial assay using A549 cells provides a sensitive and rapid system for isolation and/or identffication of measles virus infections.
Prior to the implementation of immunization programs, diagnoses of measles infections were frequently made on clinical grounds. Except for cases of severe or atypical disease, diagnostic virology laboratories were infrequently involved. Following the introduction of measles vaccine in 1963, the number of cases consistently decreased until recently (1) . Commercial production of fluorescein isothiocyanate-conjugated measles antisera, available from 1976 to 1979, has been discontinued, even though earlier studies had demonstrated their usefulness for the rapid detection of antigens in respiratory and urinary epithelial cells (2, 3) . A decrease in the number of individuals immune to measles has contributed to a rising incidence of natural measles infections in the United States during the past 5 years. Despite the current emphasis on immunization and the rise in incidence, fewer physicians now have clinical experience with measles. Therefore, rapid, accurate diagnostic techniques are of real importance. From January through July 1990, the virology laboratory at the University Medical Center received 63 specimens from 39 patients who were 1 day to 32 years old for measles identification. These requests prompted comparison of A549 cell culture in the spin amplification vial method with standard primary rhesus monkey kidney (PRMK) cell tube cultures for isolation and identification of measles virus. In addition, monoclonal antibody to measles virus was used in the indirect immunofluorescence (IIF) system to detect measles antigen directly in clinical specimens.
MATERIALS AND METHODS Specimens. Pooled nasopharyngeal and throat swabs, throat swabs, and urine specimens were collected either by laboratory or other health care personnel on the same day. Nasopharyngeal specimens were collected by inserting a type 1 cotton-tipped, aluminum-shafted swab into the nasopharynx and holding it there for 1 min. Throat swabs included sampling the buccal area near the molars, as well as the peritonsillar area of the throat. Swabs were placed in viral transport medium, either combined in a single vial (pooled nasopharyngeal-throat swab) or as throat swabs alone. Urine samples were collected in sterile containers.
Specimens were transported to the laboratory at 2 to 8°C within 24 h of collection and processed by standard methods for virus detection by IIF and culture (4) .
Cell cultures. Tube cultures of PRMK cells were purchased from Viromed (Minneapolis, Minn.) and used within 1 week of receipt. Flasks of A549 cells were purchased from Viromed, and vials were seeded three times a week. Cell cultures in vials were confluent but less than 3 to 5 days old at the time of inoculation. Tube and vial cultures were each inoculated with 0.2 ml of specimen. PRMK cell-containing tubes were placed in a roller drum for 1 h prior to feeding with 1.0 ml of maintenance medium with 2% fetal bovine serum. Vials were centrifuged at 700 x g for approximately 1 h prior to refeeding with 1.0 ml of maintenance medium containing 2% fetal bovine serum (4) .
PRMK cell-containing tubes were observed daily for cytopathic effect (CPE). The CPE caused by measles virus varied with the age of the PRMK cell cultures. In cells <100% confluent, the CPE often appeared pleomorphic and refractile, similar to that produced by enteroviruses. In confluent cell monolayers, the CPE appeared more granular and nonspecific, often with syncytium formation. All PRMK cell cultures were scraped and stained for measles antigen as described below prior to being discarded at 10 days postinoculation.
Immunofluorescent staining. Primary monoclonal antibody to measles virus (lot 081189c2; Chemicon, El Segundo, Calif.) was used at a dilution of 1:20 in phosphate-buffered saline, and secondary fluorescein isothiocyanate-conjugated goat-anti-mouse immunoglobulin G (lot LJ52-5; Kirkegaard & Perry Laboratories, Gaithersburg, Md.) was used at a dilution of 1:40 in phosphate-buffered saline. Neither primary the antibody nor the conjugate demonstrated reactivity to adenovirus; mumps virus; respiratory syncytial virus; parainfluenza virus types 1 to 3; influenza A(HlN1), A(H3N2), and B viruses; or HEp-2, A549, or PRMK cells. Initial titration of the primary antiserum was performed by using a measles-infected HEp-2 cell substrate (Bion Enterprises, Ltd., Park Ridge, Ill.). Measles-positive controls consisted of vials containing A549 cells infected with stock measles virus. Uninoculated PRMK cells from the same lot were used as negative controls for all confirmations of tube cultures.
After appropriate incubation (24 to 36 h or 5 days), the medium was aspirated from each A549 culture, and the cells on the coverslips were fixed with acetone for 5 to 10 min. Slides prepared from cell sediments were fixed and stained as described above. Interpretation of specific fluorescent staining included granularity, which was restricted to the cytoplasm and was often observed in multinucleated giant cells.
RESULTS
The data are summarized in Tables 1 to 3 Of 26 urine specimens, 6 (23%) had inadequate numbers of cells for direct antigen detection but were positive by culture. Measles antigen was identified by IIF in 11 of the remaining 20, with 9 confirmed by culture and 2 by serology. Two were IIF negative but culture positive. A minimum of 20 ml of urine was required to produce an adequate cell pellet for direct antigen detection.
The 14 nasopharyngeal-throat swabs were positive when the first vial was stained at 18 to 36 h postinoculation and between days 5 and 10 in PMRK cell-containing tubes. The culture results for the throat swabs and urine samples were much more variable. Of six throat swabs from which measles virus was isolated, only three were positive on days 1 and 2 by the vial method and only three were identified in PRMK cell cultures. Of 17 urine isolates, 12 were identified in vials stained on days 1 and 2, with the remaining five becoming positive by day 5 staining. Only 11 of 17 urine samples were positive by the tube culture method. Development of CPEs in PRMK cell cultures required 5 to 10 days.
Eight specimens could not be evaluated by direct antigen detection by IIF. Of the 55 specimens with adequate numbers of cells for evaluation, 21 were antigen and culture negative, 26 were antigen and culture positive, and 4 were antigen positive and culture negative for measles virus.
Seven patients from whom both nasopharyngeal-throat swabs and urine samples were submitted for virus identification were negative by all methods. Ten patients, whose ages age ranged from 6 months to 6 years, had both nasopharyngeal-throat swabs and urine samples that were evaluated by all three methods, with all specimens positive by IIF antigen detection. Nine of these 10 were positive by the A549 vial assay on day 1 or 2, with the PRMK cell- The nine respiratory samples and urine specimen pairs with discrepant results included only one nasopharyngealthroat swab-urine specimen pair. The nasopharyngealthroat swab was positive by immunofluorescence and culture in both vials and tubes. Antigen detection was not performed for the urine because of the sample size, but the urine was positive by culture in both vials and tubes. Of two paired throat swab and urine samples, only the throat swabs were positive by antigen detection and the urine antigen and all cultures were negative. The throat swab specimen of one throat swab-urine pair was antigen positive, the urine antigen test was not done, and both specimens were positive by culture. Two pairs had inadequate cells for antigen detection in the throat swab samples, which were culture negative; the urine samples were antigen and culture positive. In one throat swab-urine pair, the throat swab was antigen and culture negative while the urine had inadequate cells for antigen detection but was positive in A549 vial culture only. The throat swab was negative for antigen and by tube culture but positive in the day 5 A549 vial, and the urine had inadequate cells for antigen detection, a negative tube culture, but a positive vial culture. The last throat swab-urine pair had inadequate cells for antigen detection and negative tube cultures, and both samples produced positive vial cultures.
DISCUSSION
Pooled nasopharyngeal-throat swabs were more sensitive than throat swabs or urine specimens for antigen detection and isolation of measles virus. Of 15 nasopharyngeal-throat samples positive by culture or antigen detection, 14 were positive by both systems and 1 was positive by antigen detection only. Six throat swabs were positive by either culture or antigen detection, but only four were antigen positive and five were culture positive. Of 13 urine samples positive for measles by culture, antigen detection, or both, 11 were positive by antigen detection and 11 were positive by culture.
The variation in sample quality as determined by adequacy of numbers of cells for antigen detection makes it difficult to compare the yield of throat swabs versus urine. However, it is notable that there were few inadequate nasopharyngeal-throat samples and adequate numbers of cells from urine were found if 20 ml or more was processed. Since most of the pooled nasopharyngeal-throat specimens were collected by laboratory personnel and all of the throat swab samples were collected by others, it cannot be determined whether it is entirely the specimen source or simply the adequacy of the collection procedure itself which makes pooled nasopharyngeal-throat swabs superior specimens.
With most results from the A549 vials available in 1 to 2 days, the spin amplification vial assay using A549 cells was more rapid than PRMK cell tube cultures for isolation of measles. A combination of appropriately collected specimens, which includes pooled nasopharyngeal-throat swabs, direct antigen detection, and the spin amplification vial assay using A549 cells, provides a sensitive and rapid system for identification of measles virus infection.
